RADICSCIERCE LABORATORY
STANFORD UNIVERSITY
Stanford, California

January 1966

RESEARCH AT THE STANFORD CENTER FOR RADAR ASTRONOMY

Semi~Annual Status Report no, 6

NASA CR71pao

for the period 1 July - 31 December 1965

Research Grant no, NsG-3T7
SEL Project no, 3208

N66-19528 j

L& £
28 2/ 970 20

(NASA CR OR TMX OR AD NUMBER) (CATEGORY)

FACILITY FORM 602

V. R. Eshleman
Project Dirsctor

GPO PRICE $

CFSTI PRICE(S) $

/JO

Hard copy (HC)

Prepared for thes
NATIORAL AERONAUTICS AND SPACE ADMINISTRATION
Washingten, D, C.

Microfiche (MF) . ':/a

ft 853 July 65



RESEARCH AT THE STANFORD CENTER FPOR RADAR ASTRONOMY

R ‘search conducted in whole or in part under NASA Grant ne. 377
includes theoretic¢al and experiwmental radio and radar studfes of lunar
and planetary ionospheres, atmospheres, and surfaces, and radar studies

of the sun and interplanetary medium,

PIANETARY RESFARCH

Cislunar Gas Studies

A preliminary note published in the Journal of Gggphysicai Research

for September 1, 1965 (also issued as Sci. Rpt. no. 8 on this contract)

described an experimental radar technique for measuring differential

group delay to an accuracy of 10 usec and preaented results of five
measurements. Bince that time, the 25 and 30 Me radars have been modified
to imprer power cutput and time resolution and, dufing the meonths of July
and August, were used to determine cislunar electron content on 60 con~
secutive lunar meridian transits,

Yonospheric electron contents, determined by the Faraday rotation
method én signals from Syncom IIf, were subtracted from each radar deter~
nination of total content, The results of this experiment reinforce the
earlier conclusion that there are two distinct regions beyond the iono-
sphere, Within the solar wind wake of the earth, in the quadrant opposite
the svn, the average cislunar electron deasity beyond the icnosphere is
approximately 175 ¥ 50 on™3. 1In the general direction of the sun, where
most of the radar path is beyond the shock wave boundary, the average
density beyond the jionosphere is 50 x 50 cm'3. The wake density appears
to change on a day=-to~day basis while the shaps and direction are different

from month to =month,

foul



Scigntifig Rggggt RO, 12 dy Philip Yoh describes and summarizes the
simulianeous Doppler and Paraday lunar zadar data taken for five consecutive
months in early 1964, The data originally suggested that the "chirp"
invéstisation might prove fruitful, Xt iz felt that these two different
teghniqueg produce strikingly similar conclusions about the magnetospheric
wake density;

In addition to the cislunar content analysis, reduction of the chirp
returns from the standpoint of lunar surface characteristics has continued.
The transpitted signais consisted of 2-1/2 second long, 100 kHz wide linear
sweeps at about 25 sand 50 iz, The reflected signzls were mixed with a
gignal having the same frequency-time variation, which resulted in targets
of different ranges shdwing different frequencies {constant for stationary
targetsi. The heart of the.feduction is, therefore, a spectral analysis
of the received gignals,

This 18 done most flexibly end conveniently using digital techniques:
the recorded signals are first digitally sawpled using the IBM 1620 computer
end then analyged with the smch faster IBM 7090 at the Stanford Computa-
tion Center, The short duration (2,5 sec) of each echo limits 4ha frequency
{range) resolution to about 2,5 Hz since the maximm lag in the autocor-
relation should be a S&all Zraction of the duration of the vrecord, The
compromise between a iong lag {marrover spectral windcw) and a long record
{2 good estimate of the autocoréelation) was made with a maximum lag of
about one setond, Thig fixes the spacing of adjacent estimates of the

power spectral dengity to 2 Hsa,



Both the change in range and the range~yate (Doppler) of the moon
cause the frequency corresponding {0 a particular range interval on
the moon to change. This change is insignificant compared to the window
during one rettrn, Bui in oxder to average many minutes worth of returns
together, it is necessary to ranove;(reverse) the chenge, Fortunately,
this i easily done since it is very closely parabolic in shape during
the periods near trangit when the records are madeo,

ﬁhiIe the spectra of the individual 2.5 sec records are considerablily
different from each other, even when they are adjacent and show several
peaks, e relatively smooth curve can be obtained by superimposing many of
them, Because the signal~to~nolse ratio isn't sufficiently high, only the
first 4OO to 600 psec of the 11,600 pusec total delay from the front to
the limb can be seen in these compesites, However, i1t is in this region
that the echo changes nogt rapidly with range and the high resclution
obtainable using these techniques is most useful,

Besides computing the average for each range intervel over wpany 2.5
sec records, the variance ang correlation coefficients with neighboring
range intervals were also obtained, The ratio of the R¥S fluctuation
sbout the mean to the mean for each range increased from about 0.4 for
range intervals not including the moon io 0.6 ~ 0.7 for those ncar the
peak of echo strengih on 50 MHz and from ebout 0.2 to O.L ~ 0.8 on 25 Wik,
The plots of S/mean vs. range and variance vs, range are very similar to
those of mean vs. ronge.

-The nature of the reflection of this kind of gignal is not yet well
understood but is felt o boe similar in some aspecis to that of short pulses,
A preliminary cross section of the mcon caleculated frem these records is

geveral orders of magnitude smaller than those measured elsewhore,



Planetary Suriace Hepping

Work is continuing on bistatic-radar methods for the study and mappgng
of planetary surfaces., Thus far we'have shown that it is possible to re=-
congtruct the radar brightness digtribution of g plaéetary surface from
the interference patiern formed by the direct, and reflecited, rays when
the surface is illuminated with radio frequencies from the earth, Previous
reports depceribe these technigues in detail,

Experimental verification of the predicted response function has been
obiained by optical simulation and further studies in this vein are con-
tinuing,

A theoretical investigation of the effects of various surface parameters
has been started bu” so far this subject is not well understood, This is

concomitant with the design of optimm filters for mapping application,

Plenetary Atmospheres and Ionospheres
The Stanford study of the Mariner IV occultation dsta has in part been
funded through N8G-377. The results of this work are presented in a Bcien=

tific Report, issucd jointly by NsG~377 (Sci. Rpt. no, 15) znd NASA contract

NGR=-05-020~065 (Bei. Rpt. no. 2).

In addition, a study of the problems related to conduciing a radio
occultation exporiment on tho Marinsr micsion to Venus was startad during
this reporting period, While the Martian atmosphere was so tenuous that it
required high precision measurements to detect its effects on radio signals,
the Cytherean atmosphere may actually be so dense that no radio signal can
penetrite along a path tangential to the surfasce of Venus, These and other

problems are subject to further studies in order to optomize the radio

occultation experiments scheduled for 1967.
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Digital io Polarineter Cboexvations of Jovian and Solay Docametric Fmissions

Since August 1965 a digital radio polarimeter has been used at the
Cenier to chserve radio noise bursts at 22.2 Mc from Jupiter and from the
sun. A pair of cross-polariged antennas feed a peir of receivers with com-
mon local oscillators, which translate the radio signals with coherent phase
down to 550 cps. These signals, recorded on FM magnetic tape, are later
playe@ back through two identical band-pass filters and digitized at a
sampling rate of 1.65 kc/se'c per channel, Tae digitizoed data are then fed
to an IBM 7090 computer, vhich calculntes and plots the complete Stokes
polarigation parameters with a time resolution of one sacond,

Analysis of Jovian emission at 22.2 Mc confirms the predominance of
right~hand polarigation reporied by cthers, but also shows a difference in
axial ratio for emissions from the different sources. The axial patio is
seon to vary smoothly with time during a storm independently of noise power,
and ovientation of ihe polarigaiion ellipse shows no appreciable Favraday
Totation other than that from the carth’s icnospheras.

Analysis of Type 1XI gola» bursis shous no change of either gxial
ratio or orientation of the Silipse {other than certh~Faraday) From burst
to burst. 1n a given storm, However, the percentage of polarizailon varies
within each burst and algo during a group of bursts, being highest in the

initial burst and decreasing by at least 5 percent in the final burst.



SPACECRAFT TECHNIGUES

Signal Channel Coding Schemes
In 1965 a coding scheme for additive noige channels with feedback was

developed by Bchalkeijk for this contract, His results were published as
Sci. Rpt, no, 10 (see list of reports). ‘This coding Scheme, unde? the
condition of noiselegs feedback, achievaes channel capacity for both the
band limited and band unlimited channels, Almost ilnadiately,‘the Qquestion
of realizability and practical utility arises, During this reporting
period, this question has been studied.

Bagically the schome is one of analog ching under an aversge powar
constraint P;v' A _“ode book of M messages iz uniformly spread over the

interval (0, 1) on the real line, To send message m the transmitter

i’
sends an smplitude proportional to the position in (0, 1} of n,. The
receiver calculates its maximum likelihood estimate of m, and sends it
back to the transmitter. The transmitter then transmits correction data
to the receiver, wvhich then sends back 4 new estimate of the message m.
This iterative progsess is continued N <¢imes for ecch message transmitted.
N is determined by the required probability of error P for the opera-
ting rate of transmission R, bandwidth VW, and signal«te-noise ratio
8/8.

Being of particular interest, the bandlimited channel was studied, As
originally derived, the coding scheme achieved channel capacity C in the
limit, {.0,, with an unlimited number of megsages M and iterations N.

To be practical, N must be small, e.g.,, 10 or 20 at most, 1It was found

that favorable gituations do exist, A series of graphs has besn consiructed



to show the possible modes of operation and the resultant Pe and N for
specified system parsmeters M, SINb and relative transmissiorn rate R/C.
For M < 1000 and S/N, > O db, it is possible to achieve error proba-
bilitien Pé < 10'6 and relative rates R/C 0.5 with N < 20. Operation
ior Smo < 0 db is poSsidble under increased N,

The important conclusion of the study was that, theoretically, the
coding scheme can operste under a sizable code book and a few iterations
and 8till zohieve low probability of error and high {ransmigsion rate, It
remaing to0 realize the systiem; work will continue in this area, The two
mogt difficult problems will be minimicaiion of the system performance
degradation under nonwideal signal waveforms and receiver equipment and

the accommodation of loop delay,

Plasma Effects on Space Probe Tracking

It has been proposed’that diurnal variations in the ionosphere cause
significant errors in the triicking of space probes such as Mariner IV,
To test this hypothesis a computer program using changing ionospheric
condit;ona and space probe positions ss parameters has been written, This
program plots graphs of expected eleotroen content and Doppler shift vs, time,
The typical ionospheric Doppler shift of Mariner IV's telemetry signal
(two=way lock) (2,3 kiic) is ¥ 0,004 cps moximum of 0,001 ©ps averaged
over the day, This corresponds to an average velocily error component
along the ray path of 9 x 10-5 maters/sec, These data are alzo being
analyzed from the standpoint of orbit prediction and trajectory determina~

tion,



It was discovered while plotting one-second Doppler frequency
residuals from Mariner IV that the primary source of short~-term error
is csused by the receiving system's counting only zero crossings of the
received signal, Mctbods of digital filtering and smoothing t6 minimize
this error wore invesﬁigated.

It is hoped that by autocorreolating the one-sccond Doppler data from
Mariner IV, electron streams and bunching e¢an be detected and ranged, An
autocorrelation program has been written and debugged, Initial trial runs
were hampered by the caero crossing noise mentioned above, Improved Mariner
IV data from the Jet Propulsion Lsboratory is now being awaited, An
additional opportunity feor autocorrelation studies may occur when the

oignal ray path passes near the sun in March,

Receiver Congtruction Techniques

A comparison and conpilation of the advantages end limitations of eight
nicrominiaturigation fahrication processes has becen completed, Considersation
wag given to custom linear circuit design as well as design with available
linear microcircuits, and included the following topics: £requency capability,
range of passive elemenis, cost, eagse of design, reliability, radi~tion
immunity, power capability, and size and weight, This S52%page surmary
was obtained from a search of the literaturs published during the poriod
1963 through 1965, from lectures atiended at both Stanford University and
the 1965 ¥escon Show, and from pefsonal interviews with several repre-

sentatives of the microcircuits industiry.



An effort w;e made to seleci objectively the optimum miecrominiaturi-~
zation technique for a specifically defined application by means of evalua=-
tion cherts. During the summer this took the form of a commercial product
micromininturization feasibility study at Granger Associates, Palo Alto,

The steps included:

1, The above-mentioned compilation of Qualitative and Quantitative
s8tatements from current literature to permit tho selettion of

meaningful and representative numbers for the evaluation chart,

2. The selsction of representative circuits from a given linear
system designed with discrote components,

3. A thoyough cogt analysis
a. A nerket survey of presenily available linear misrocircuits

b, Letters seat to 11 companies requesting budgeiary quotes
for a custom design of the representative circuits chogen
in (1),

Numerical priorities were then used to weight the relevant differences
between microcireuit alternatives. (Once an alternative is selected using
thig technique, a significant chango in one of the differences, or a change
of priority, will permit re-evaluation based completely upon the decigion
criteria originally followed.)

At the close of the summer a gtudy was initiated at staﬁférd"to érovide
experience with digital microcircuil design techniques, Digital correlaticn
meihods wore invostigated for determining the range at which a 28«bit
bl-phase~modulated codo is reflected from meteoritic ionization trails.

The investigation included two technigues for code transmission, and five

alternative methods for correlaiion of +the returned sigpal, An approach

vwas selected and syséem design is presetly being implemented.
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